Bi-directional communication between the peripheral and central nervous systems has been extensively demonstrated. Aged rats exhibit a prolonged proinflammatory response in the hippocampus region of the brain following a peripheral bacterial infection, and this response in turn causes robust memory declines. Here we aimed to determine whether hepatic or splenic macrophages play a role in the maintenance of this central response. Proinflammatory cytokines measured in liver and spleen four days following an Escherichia coli infection revealed a potentiated proinflammatory response in liver, and to a lesser extent in spleen, in aged relative to young rats. To determine whether this potentiated response was caused by impaired bacterial clearance in these organs, E. coli colony forming units in liver and spleen were measured 4 days after infection, and there were no difference between young and aged rats in either organ. No E. coli was detected in the hippocampus, eliminating the possibility that the aged blood brain barrier allowed E. coli to enter the brain. Depletion of hepatic and splenic macrophages with clodronate-encapsulated liposomes effectively eliminated the proinflammatory response to E. coli at four days in both organs. However, this treatment failed to reduce the proinflammatory response in the hippocampus. Moreover, depletion of peripheral macrophages from liver and spleen did not prevent E. coli-induced memory impairment. These data strongly suggest that hepatic and splenic macrophages do not play a major role in the long-lasting maintenance of the proinflammatory response in the hippocampus of aged rats following a bacterial infection, or the memory declines that this response produces.
Introduction
Following a peripheral immune challenge, aged rats show a precipitous decline in the formation of long-term memories that depend on an intact hippocampus (Barrientos et al., 2006; Chapman et al., 2010) . Furthermore, this memory impairment is causally associated with a potentiated and protracted proinflammatory cytokine response in the hippocampus region of the brain (Barrientos et al., 2009b; Frank et al., 2010b) . To develop truly effective therapies aimed at reducing this potentiated response in the hippocampus and thus preventing memory declines, it is critical to discover the original distal source of the persistent cytokine production. Several years ago we began to approach this issue by measuring proinflammatory cytokines in various regions of the brain (hippocampus, hypothalamus, prefrontal cortex, and parietal cortex) and in the periphery (spleen and serum) at various time points from two hours to two weeks following an Escherichia coli infection in young and aged rats (Barrientos et al., 2009b) . Those data revealed that the aged hippocampus was unique in its potentiated and prolonged cytokine profile, as none of the other brain regions examined exhibited an elevated response compared to young adult rats. Serum and spleen samples exhibited the expected elevations in the proinflammatory cytokine interleukin-1 beta (IL-1b) in response to E. coli, but these elevations were not significantly different between the age groups. Together, these findings led us to conclude that the protracted cytokine profile in the hippocampus of aged rats was generated and maintained from within the brain, and not from a peripheral source. Further strengthening this conclusion, data from our laboratory, as well as others, demonstrated that isolated hippocampal microglia from aged rodents are primed, or sensitized, such that they produce a potentiated pro-inflammatory cytokine response, compared to that of young adults, when challenged with an inflammatory stimulus (Henry et al., 2009; Frank et al., 2010a) . However, compelling
